Giant cell tumors of bone (GCTB) are generally benign neoplasms, but recently, some authors consider them to be low-grade malignant neoplasms because they have a relatively high rate of recurrence and at least some potential for metastases. The majority of GCTB are unifocal, and less than 1 % are multicentric. We report a rare case of a multicentric GCTB arising simultaneously in the nondominant fourth and fifth metacarpals of a 25-year-old female. The patient underwent ray amputation of the two involved digits, and the surgical margins were histologically negative for tumor. The tumor had the classic histologic appearance of a benign GCTB. A year after the amputation, the patient developed pulmonary metastasis which was treated with pulmonary lobe resection. She is currently over 2.5 years postsurgical treatment of the primary lesion with no evidence of local recurrence or distant metastasis.
Introduction
Giant cell tumors of bone (GCTB) have been historically classified as benign neoplasms; however, some recent classifications consider them to be low-grade malignant neoplasms, with a significant rate of local recurrence and an infrequent development of metastases, even in the most histologically benign-appearing cases [5, 8, 15, 21] . Simultaneous involvement of two adjacent metacarpals by a GCTB is very rare and, to our knowledge, has not been reported in the literature.
GCTB make up approximately 5 % of the primary bone tumors in the USA and up to 20 % of the primary bone tumors in Asia [8, 19] . They usually occur in young adults (ages 25-40), have a slight female predominance, and are very rare in children [1] . The tumors are usually found in the epiphysis, with or without extension into the metaphysis, of the distal femur, proximal tibia, distal radius, proximal humerus, or sacrum. They are rare in the hand, and if they do occur in the hand, they, most commonly, involve the metacarpals [2, 9, 11] . GCTB are unifocal in 99 % of the cases, and less than 1 % of cases are multicentric. The multicentric tumors tend to occur in younger patients, have a propensity for the small bones of hands and feet, and may act more aggressively [7] [8] [9] . In extremely rare cases, GCTB may transform into a frank sarcoma that is almost always high grade. When this occurs, the tumor is then referred to as a "malignant GCTB" and has a high risk of metastases and a poor prognosis [5, 16] . Benign GCTB, primary malignant GCTB, and secondary malignant GCTB are all distinct different lesions. The use of the phrase "malignant GCTB" should not detract from the fact that every conventional GCTB has the ability to metastasize.
Grossly, GCTB are tan brown, soft, and solid with fibrous bands; often surrounded by a thin partial rim of reactive bone; and may be associated with fracture. The classic histologic appearance of GCTB is a combination of osteoclast-like giant cells with two types of mononuclear cells. The two types of mononuclear cells are round and spindled. The round mononuclear cells, together with the osteoclast-like giant cells, are reactive specialized benign cells derived from a circulating monocyte lineage and are recruited to the tumor by the spindled mononuclear cells. The spindled mononuclear cells are the only true neoplastic cells in GCTB and are probably derived from primitive mesenchymal stromal cells that develop fibroblast/osteoblast-like features [21] . The primary signaling mechanism that controls tumor growth includes receptor activator of nuclear factor kappa B (RANK) and RANK ligand (RANKL) [8, 15, 18] . Targeted therapy for GCTB consists of monoclonal antibodies to RANKL (denosumab) [1] . The most common chromosomal abnormality is a bonding together of telomeres ("telomeric fusion") from various separate chromosomes [8, 15] .
Case Report
A 25-year-old right-hand dominant woman presented with severe swelling and pain of the dorsal aspect of the left nondominant hand 1 week after an injury that she had sustained at home. The patient denied any swelling or discomfort of her hand prior to that injury. Clinical examination revealed a large, tender swelling of the dorsoulnar aspect of the left hand ( Fig. 1 ). Plain radiographs demonstrated large osteolytic lesions occupying most of the ring and little finger metacarpals with marked cortical expansion. The tumors extended to the metacarpophalangeal joints ( Fig. 2 ). An MRI of the hand revealed mixed signal intensity and multiple fluid-fluid levels within the expansile destructive metacarpal lesions which also showed peripheral and septal contrast enhancement (Fig. 3) . The initial radiological impression was that of an anuerysmal bone cyst or telangiectatic osteosarcoma.
An incisional biopsy identified the presence of giant cell tumor. Several options were discussed with the patient including wide local excision with reconstruction and ray amputation. Because of the destructive behavior of the tumor and the simultaneous involvement of two metacarpals, we made the decision to proceed with ray amputation of the two involved digits. Intraoperatively, the fourth and fifth metacarpals were found to be almost completely replaced by a cystic tumor full of bloody fluid mixed with friable soft tissue (Fig. 4 ). The tumor invaded the heads of the metacarpals including the articular surfaces, but parts of the bases of the metacarpals were still intact. The third metacarpal was completely normal. Pathological examination of the specimen identified a giant cell tumor with the classic histologic appearance with no evidence of malignancy (Fig. 5 ). The patient did very well postoperatively and returned to her original work as a custodian 4 weeks postoperatively. Additional work-up including PET scan and CT scan of the chest did not show any evidence of anymore lesions in the bones or lungs.
One year postoperatively, the patient developed two pulmonary lesions identified on PET and computed tomography imaging. Open video-assisted thoracic surgery (VATS) biopsy confirmed the presence of giant cell tumor that was histologically similar to the primary hand lesion. The patient was treated with the RANKL inhibitor denosumab followed by VATS resection of the two pulmonary nodules. The patient is now 2 years and 7 months after her original surgery with no evidence of local recurrence or metastatic disease as evidenced by MRI of the hand, chest X-rays, CT scan, and PET scan.
Discussion
This case represents a very rare involvement of two adjacent metacarpals with giant cell tumor. In general, the behavior of individual GCTB is notoriously difficult to predict. Unlike many other tumors in the body, a single isolated atypical histologic feature (e.g., nuclear atypia, focal pleomorphism, necrosis, increased mitotic rate, or tumor masses within blood vessels) cannot predict tumor behavior [8, 15] .
Surgical management of GCTB involving the metacarpals ranges from curettage to wide local excision to amputation. Curettage is associated with a high incidence of recurrence and is not recommended [3] . Reconstruction following wide local excision may be performed with autogenous vascularized [6] or non-vascularized bone grafts [2, 14] , or allografts [13] . Radiation therapy has also been described with encouraging results [17] , although transformation to sarcoma in some cases can occur many years after radiation therapy. In our patient, wide local excision and reconstruction was not deemed to be adequate, given the aggressive nature of the lesions and the simultaneous involvement of two metacarpals.
A significant number of GCTB recur locally. The type of initial surgical procedure, such as curetting or wide local excision, is the most important predictor of recurrence, with recurrence rates of 34-37 % and 5-7 % respectively [9, 10] .
Approximately 2-5 % of GCTB will metastasize, most often to the lungs [14] . Almost all of the cases with metastases have been associated with previous surgery, raising the possibility that surgical procedures themselves can cause mechanical vascular disruption, allowing tumor cells to "seed" the lungs [12, 15] . For this reason, the presence of a GCTB pulmonary metastasis does not have the same clinical significance as most other metastatic neoplasms. Many GCTB lung metastases are indolent and stable (sometimes called "benign pulmonary implants"). Other GCTB lung metastases may spontaneously regress, whereas still other GCTB lung metastases may rapidly progress and can cause death.
One of the main features of GCTB is osteoclast-mediated bone resorption. Therefore, inhibition of osteoclast differentiation and function is a primary therapeutic target. RANKL expression is increased in GCTB stromal cells. Denosumab, a fully human monoclonal antibody against RANKL, inhibits RANKL-mediated bone resorption. By binding to RANKL, it disrupts the cycle of bone destruction. Clinical studies have demonstrated a promising effect on controlling the disease and the symptoms with the use of denosumab especially in advanced or metastatic disease [19, 20] .
Various classifications of GCTB have been proposed over the years. Some classifications have been based upon the histologic appearance of the tumors, whereas others have been based upon the clinical and radiologic appearance of the tumors. The histologic grading systems have had limited usefulness due to their inability to accurately predict tumor behavior in the vast majority of cases. On the other hand, initial staging classifications may provide useful prognostic information [4] . Campanacci et al. proposed one of the most common classifications, which divided GCTB into three grades: grade I refers to intraosseous tumors, grade II refers to larger intraosseous tumors with a thin (but still intact) bony cortex, and grade III refers to tumors that have invaded through the cortex into surrounding soft tissue [6] .
The initial grade of GCTB correlates well with rates of local recurrence and metastases, with higher grades associated with higher rates of local recurrence and metastases. It is very important for GCTB to be initially excised with negative surgical margins, followed by careful pathologic examination of multiple sections to exclude a malignant transformation within the tumor. In addition, clinical follow-up is advisable for every GCTB, regardless of the histologic appearance, to monitor for local recurrence or metastases. The use of MRI, PET scans, and CT scans of the chest would be helpful to rule out local recurrence or distant metastasis.
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